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" Abstract

The use of reactive 1ion etching (RIE) with fluorinated

gas plasmas, svuch as SFg » CHF, ané'CF4 mixed with oxygen, to
achieve selective patterning of tungsten films 1is reported.
Rapid thermal annealing (RTA) was used to improve the
properties of sputtered films., The resistivity of W films was
found to decrease rapidly with annealing time (within 10sec)
= and to exhibit an Arrhenius behaviour with annealing
temperature. The etch rates of W, Si and Si0, were measured
.. : as a function of oxygen percentage in the fluorinated gas
plasma. The results on optimum selectivity indicate that a
CHF3/70%0 mixture results in W:Si and W:Si0, etch rate ratios of
2.4:1 and 2.1:1 for unannealed W films, and 1.6:1 and 1.8:1
for annealed samples ,respectively. A higher W atch rate
selectiviity over. Si0, was obtained in an SFg/ 5% O, plasma
where the etch rate ratio is 11.6:1 for unannealed W films qnd
3:1 for annealed W samples, For reverse selectivity, the
optimum W:Si0, etch rate ratios measured are 1:7.7 in pure CHF 5

gas for unannealed W and 1:4.6 for annealed W. The optimum W:Si

reverse selectivity of 1:10 is obtained with an SFg/30%0, mixture

plasma for both annealed and unannealed films.,

Satisfactory anisotropic edge profiles were obtained with 3

CHF3/70%02 and SF5/5%02 vhere Vertical-to-iéteral etch ratious of

3.5:1 and 2:1 were measured.

I. Introduction

Refractory metals such as W or Mo are being increasingly




used in VLS! circuits for contact vies, gale and interconnect

materials due to their high conductivity and thermal resistance
[1.2.3;]. Recently,there has been considerable interest in W
metallization because of its selective deposition properties
(2,3,4,5). The selective deposition of W from NFé gas involves
reduction of the gas inthe presence of S{ and the formation of
a W deposit and volatile SiF,. While this s very useful for
contact metallization, certain aspects of W interconnection
technnlogy still need to be explored, Since fnterconnecttons
need to de deposited and patterned over various underlying
materfals with a minimum disturbance of the existing
structure, we have investigated sputter-deposited N films,
annealed by rapid thermal processing and patterned by reactive
fon etching. The sputtering technique has the advantages of
being essentially subsirate-independent, taking place at room
temperature and being able to cover 1large areas fairly easi]Q,
The RTA technique, with_its very short operating time and high
power density.was wused to reduce the W resistivity while
preventing such effects as oxidation of the W fiilm , reactfon
between W and Si or S§i0y,» and dJopant redistributionl[61l.
Reactive ifon etching was chosen because of the need for
anisotropic fine 1ine patterning.

The main objective of this work, therefcre, was to
investigate the conditions under which the anisotropic patterning
cf W films could be performed selectively with respect to Si and
Si0p. Since there are cccasfons during the fabricaticn process

vhere the reverse selectivity is also highly desirable, in other
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'**;Qﬁrhs(’q ﬁ'ht§h.rttn which §s ioiqr than ;hit'of other matertals
prosent ,especially S$10p and S{, this was investigated as well,
 The fluorinated gases, SFG)Ozk (7.8,9) and”CF.loz (8], known to
Qt;h Qvlilns either have not bewn ftnvestigated in the low=-
pressuro RIE mode necessary for fine-1ine patterning or have

nut exhibited the nice::ary selectivity.

- 11. Experimental Conditions

W films' were depositad at room temperature by DC

‘magnetron sputtering from a  99.97% purity W target 1in an Ar

plasﬁa A W sputtering rate of l0nm/min uas. genarﬁlly used.

E ~ 'After deposition ,» W films were tfeated; bi RTA (HeatPulse
; ' iZOIT) using a broad band, tigh intensity. tungsten lamp'ih Ar
ambien. atmosphere frow 500C to 1100C for a duration of 10 to
90 seconds ;The'purity of the argdn‘rgas‘ussn for both

: ‘ deposfition and annealing was higher than 99;9993. The shest
resistance of W film was measured before and after RTA 1

using a four-point probe system . X-iay spectvoscopy was used to

o ——— ¢

investigate the crystallinity ot the ¥ thin films achieved by »

RTA.

The etching experiments were carried out in a parallel
plate reactor (  Plasma Therm  PK1241 , 13.65MHz )
equipped with a computer-controlled grating monochromator
for measuring-optical emissfon within the plasma. The
fluorinated gases used {in cur investigation were CF, (99.9%
purity), SFg (99.997%) and CHF3 (>98%) mixed with 0, (99.99%).

Emission spectra from the plasma, in the wavelength range
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ﬁrbetwé@n 200 to 800 nms vwere monitoted durtng etching thiough a
iqunft: window located on the sfdcwo\l of the chamber., To
provide a suitable basts of conplrison._tho'ﬁF "power, pressure
and gas flow rate were kept constiﬁt:ata.206!(0.42Nlcn2).
20wTorr and 20sccwm, respectively, To dothuin. the etch rate
fn varfous gas plasmas, aluminum was wused as a thin film mask
.sinco ft ts suitable for both low- aqd higﬁ-porcentaga oxygen
'iixturo in the plazsma. The Al naik nis. subsQQuintly removed
bﬁ wef | etching for step height d§terﬁination by a
lprofiimnotor (Dektak). The unisdfropy of the etching process
was investigated by scanning electron microscopy

(Nqnomgtrics Cwickscén II).

~IIl. Results

W films of 300 to 500nm were deposited on S§i and Si0,
for annealing and etching oiperiments. RTA was found to be very
effective at reductng the resistivity of the W films. As shown
ftn Fig.l for a annealing temperature of 1100 C, the resistivity
decreased a factor of five during the first 10 sec after which
it decreased more gradually for additicnal annealing time.
This behaviour was observed in all isothermal anneals at
temperatures from 500 C to 1100 C. Therefore, the RTA annealing
conditions of 30sec,1100C, Ar ambient were chosen to prepare
samples for the etching study. Isochronal anneals, shown in
Fig.2 for a 90sec RTA duration, indicate an Arrhenfus-type

behaviour for the W thin film conductivity with an activation

energy of 0.46 eV.




('xéiay diffraction patterns of W thin films deposited
on oxidized St <100> wafers were taken for each annealing

_»1oupora£urc and compared to the as=-deposited films. It was found

that with fncreasting temperature the W films became strongly
<110> orfented [101.

For ruactivo”ion etching, the etch rates were datermined as
a function of oxygen psrcentage in CFys SFg and CHF3. In

Fig.3a, the CF, etch rate for annealed and unannealed W

.. L B

samples, along with the rates for Si and Si05., is shown as a
function of oxygen percentage (from O% to 90%8) at a power of
ZOOH.' a pressure of 20mTorr and a total flow rate of 20sccm.
In Fig.3b are shown the corresponding DC self-bias and the
relative intensity of fluorine (F) and oxygen (0] emission at
703.7 and 780nm, respectively. As reported by Mogab, Adams and
i ' Flamm [11) and various other workers, the addition of
relatively small amounts of oxygen to CF, increases the S§i
etch raté as the oxygen consumes fluorocarbon radicals and

Tiberates «dditional fluorine species. Beyond a certatn

concentration, however, increasing amounts of oxygen have the

opposite effect, as the oxygenrich mixture dilutes the CF, gas
and also lowers the energy of electrons in the plasma which
fn turn reduces the electron-induced dissociation rate of CF,.
Another effect important at high 0, concentrations fis the
c-mpetition for active etching sites on the surface between
[F] and chemisorbed O atoms [11) . In general, however, the
variation of the [F] intensity with O, % is roughly mirroved in
the Si etch rate.

The annealed W etch rate behaviour with 0, X appears to
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- algto follow the .V[F]. !ntvﬂ&iiy. but. the relatiunship ts
much lass pronouncid. However, all three parameters (S and
W etch rates,[F intensity) exhtbit a peak value for a 208 oxygen
mixture., This s in contrast 1o the offset between 0,
concentrations for maximum [F] intensity and peak etch rate
reported for CFa/0, plasma (vs. RIE wmode in this work) etching
of St [11) and W [8] at high pressure (200, 350mT). As
menttioned above, this offset is generally attributed to a
partial masking of the surface by chemisorbed oxygen. A
possible explanation for the different behaviour observed in
our RIE-wmode oipor‘monts is the presence of a fairly  high
self-bias voltage (>400V). This results 1in more energetic
ions than in the plasma etching mode which are prodbably more
effective at removing chemisorbed oxygen from the surface. This,
in turn, liberates additional sites for the etching process and
anhances the etch rate.

In general, for all the gases tinvestigated the unannealed
W films display an etch rate dependence on ‘the oxygen
concent:ation which exhibits one region of higher etch rate
than that of anrealed films. This is most 1lkely due to the
"densification® of the films as they become more crystalline
upon annhealing. A similar effect has been observed in the
plasma etching of other refractory materials, for example
MoSip films etched in CFgq/05 [12]. For unannealed W etched 1in
CF4/02, the etch rate peaks with a value of 110 nm/min for a

richer oxygen mixture than the annealed films, 50% vs, 20% .

For the CF4/0, RIE process, the (anneal)W:Si etch rate
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g
isz, selectivity 1s considerably less than unity for 0, mixtures of
F luss than 508, for 0 wixtures greater than 508, the
selectivity does increase above unity (for example, 2:1 at 80%
02)» but under the restriction of rather low etch rates (40 and
20 nw/min for W and St, respectively, at 80% 0,).

The etch rates of W, S and $10p in SFg/0, mixtures are
shown in Fig.4a. The corresponding OC self-btas and the
relative intensity of fluorine and oxygen in the plasma are shown
in Fig.4b. The greater abundance of fluorine species in SFg/0,
mixtures results in a much greater Si etch rate. The maximum
Si etch rate of 2.2um/min occurs at 108 0, concentration, even
though the peak [F] emission intensity takes place at 30% 0,.
This result is very similar to that reported by Pinto et. al.
[13) for Si RIE at 10mT, 50sccm and 0.48/cmZ, namely a peak
etch rate of l.3um/min at 10% 0,. The offset between the maximum
St etch rate an& the peak [F] 1intensity in SFg etching
versus {ts absence in CF, plasma can be explained by the

considerably 1lower( approx. a factor of 2 ) DC bias found in

the former case at small oxygen percentages, which is
probably 1less effe:tive in removing chemisorbed oxygen from
the surface. Indeed, Pinto et. ai, report that as the power
density (and consequently the ©DC bias) is 1lowered the

resulting etch rate is not only lowered, but the peak in the etch

rate vs. 0p shifts to lower oxygen concentrations. %
The reactive 1fon etching characteristics of annsaled %

and unannealed tungsten films in the SFg/0, plasma are seen from 5
Fig. 4a to vary significantly. The unannealed W films have an %
etch rate vs. 0, dependence that is simtlar to the S1 case. A g
7 R
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'Ei?éféiaﬁncid eich rate poik of 580nw/min s obtatined at 5%.02

concentration. For richer 0 mixtures, the etch rate drops

W({unannealed) over the range ouf oxygen wmixtures is almost 30.

etch rate ratio 1is only 6. However, it is interesting to note

sharply.. The maximum-to-minimum etch rate ratio for

The annealed W {i1ms exhibit a markedly different behaviour for
0, concentrations lower than 30%. In this case the maximum etch

rate of 180 nm/min occurs for the pure SFg gaé and the maxtomin

that both types of W films had roughly the same
characteristics for 0, concentrationsvof 30% and;hjgher.

The reactive ifon etching rates using CHF3; and 0, mixtures
are shown 1in Fig. 5a and the corresponding DC bias, [F1J,
[G) and [H]) emission (at 780 nm) are shown in Fig; 5b. In the

pure CHF3 plasme, the fluorine species concentration s
diluted because of the high hydrogen <concentration and by
direct reaction with H forming H molecules [141]. This
decrecase in [F) reduces the Si etch rate considerably, while
the presence of HF 1increases the Si0, etch réte [15]. In Fig.
5b, we show that addition of 1large amounts of 0, does result
in a slight increase in the [F], with a peak at approximately
65% 0,. The Si etch rate peaks at 508 0, with a value of 55
nm/min, By comparison, the maximum S{ etch rate in SFg is 2,2
um/min or 40 times larger,

The W film etch rate in CHF3/0, plasma is also
strongly affected .- the 1lower [F] concentration, especially
at low 0, % levels, where the [H] is quite high. However, in
the vicinity of the [F] peak at 60 - 70% 0, mixtures, the
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ieiincrdaoys“snbstantiallyA. Tho highest

‘i”to S and SiOz oich rates are 2.4 and 2.1 , respectively.

The corresponding etcn rate ropﬂos for annooled W are 1.6 and

- 1.8 For reverse ‘seiactiiity. the optimum etching takes.

:placo_in pufo CHF3» where the following etch rate ratios are

obtained: annealed W to Si and Si0, of 1:3.2 and 1:4.6 and
unanneaied W to Si and $10, of 1:7.7 and 1:5.3, respectively.
Thb E optimum selectivities of reactive fon ooching
are oummarized in Table I. A W¥W:Si etch rate ratio greater than
unity was shonn for tha first time to be achievable using

CHF3/70$02o whero a selectivity of 1.6:1 and 2.4:1 were

-measured for annealed .;(and as deposited W films. The highest
7reverse " W:SH selocﬂivity of 1 11 6 was obtained for annealed

W fiims with SF6/5$02.' h For N 5102 se]ectivity » the

opiinum vaiues ore_obtainedbf at xSEg/SﬁOZ.,wnile the optimum
reverse selectivity fis foondjﬁn pune-CHﬁg p]asna;

Tne’edge profile of W film etched by réactine ion etching
was'preiiminarily investigated for conditions observed .to
produce optimum W-to-Si and W- to~$ioz selectivity., Unannealed ¥
films, 0.7 um thick.were etched in CHF3/70302 and SFﬁ)SSOZ at

20mTorr, 200W, and 20sccm. A 4um W 1ine on Si patterned with

CHF3/70% 0, is shown {in Fig. 6 with the Al mask layer still in
place. Very l1ittle undercutting of the W or etching of the Si
substrate 1is observed. As can be seen from the SEM

microphotographs in Figs. 7 and 8, the vertical-to-lateral etch

ratio of the W fiim is 3.5:1 1n CHF3/70%0, and 2:1 in SFg/5%0,,

(_nannoaiod)wfotch late‘:nis 950A/min at 70805, and its vatio




uf:wary substantia\ly depending on the deposition technique.‘

'IfTwngsten fiims deposited by DC sputtering and subjected ato | A

'?ﬂconventionai furnace heat treatment (passivation at 1000 C and

A m,m

The resistivi*y uf thin w fihns has been repotted tl:il":t-o"‘ -

'“;uith» resuits genelaily a acto. of 2. 'toa higher ihan the bulk
value:afoG micro ohm cma Al:O; the resistivity has been shcwn i
[16 17] to be a: function of film thickness, sometimes requiring

Jia thickness of lum oriwore to achieve- the lowest vaiue. ]

:faanneaiing atr450 C). have been reported [18] - to have a
“recistivity of around 20 micro ohm-cm for a film thickness of
300nm. Our resuits using -rapid thermai anneaiing of DC- sputtered
fi]ms of the ‘same thickness compare favorably»with t'hn N
conventiona] processing. yie]ding a resistivity of around 16
micro ohm-cm for a 90 sec, 1100 C anneal.

Thef~study of plasma-assisted etching of thin filims
suffers from an_"embarrassment of riches" in the many parameters
, @hicngcan“be varied (cf. main plasma gas, diiutant._ sample
‘placement vis-a-vis jon bombardment. power, pressure, flow rate,
etc.). In this work, we have therefore confined ourselves to
fluorinated gases diluted with oxygen and operating in the RIE

mode at a fixed pressure, flow rate and power. As

discussed {1n the previous section, a very strong, but
complex, relationship is evident between the amount of oxygen in
each of the three fluorinated gases (CFy, SFg and CHF3)
Investigated, the fluorine concentration and the resulting W

and Si etch rates. This complex relationship is highlighted in

10
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Vi
.""A.

tn rlg. 9 vhvue thu notmallzed W eteh rale and

:1nttnsity are p1otted :gs a functionwof oxygen

cantaqa for each gas-f The\ ‘poak W etch rate occurs at
3 ‘0xygen concentrations ranging from zero to 708. Ihe fluorine
t""fnhxtmum 1ntens1ty coincides with the ppaxwin etgh ratc for . “,‘7ﬁ
some but not al1 cases. In Table II we compare the effect of
oxygen on our resuIts with those of related work from the
literature by indicatlng the 02 percentage 1n the gas mixture at
which the [F] fntensity, and the Si or ¥ etch rate reach

" their maxjmum value. For comparison:purposes. we haQGHQIso
fnc\uded torresptﬁd1ng p1asma etéhing results from the
;3311terature.. S |
| For the case of CFA/OZ mixthres. both our resuits witﬁ w ' -j
RIE and others for N and S1 PE £(8,14] indicate a LF] peak at
20-235 02 mixtures. However, under RIE conditiont the W and Si
etch tata maximum are colncident with the [F) peak, whereas
the Pﬁv results published indicate a shift in the maximum etch

.' rgté'te-leaner oxygen mixtures., In the case of SFg/0, etchiné.
both W FE and RIE of WAand Si exhibit this shift., Finally, in the
case of CHF3/05, a shift is observed for Si RIE but not for W

etching.

To understand the role of fluorine radicals in the
reactive ion etching process we plot in Fig.10 the etch rates cof

$1, $10,, and as-deposited and annealed W as a function of

measured fluorine emission intensity obtained at various oxygen

mixtures. As can be see all cases, except for $i10,, exhibit a

substantial hysteresis effect where for the same [F] intensity

11
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~iti§1§ diffbr6Nt otch ratts can resul t.“ This effect;has

“*bocn proviously _ observod "~ in the plasma etching-bf-Si'
4;, this effect has been attributed [11 191 to the competition
'“the Si surface. Thus. the ava11ab111ty of 1ncrea51ng 'ahounts

of [F]1 1s not always ' the rate limiting step, 1f it is

p;éoppanjgd -by'gnlaqygj or greatar 1ncrea§e“in oxygen

” 5éoﬁé;nfratioh; In,"th5 éase of L] RIE; ‘our data also exhibits

,wghysteresi:. 1nd1cat1ng that a simila' mechanism is at work. The

situation 1s quite different for 8102, since oxygen forms an
:1ntr1nsic part - .of: the _material to  be etchedﬁ bonsequently,
fno hysteresis effect is observeda.but rather a'genera11y

j‘1ncreasing trend in etch rate. aith [FJ. with a *mi]ar’y large

scatter in the data aS‘reported by Mogab-;et. “al, (111 for’

$10, plasma etcﬁing in CF4/02 mixtures.

7o further éiuct&ate the competing roles of fluorine

and oxygen we have plotted in Fig. 11 the_wgrﬁé]ized Si and ¥
? etch rates as a funct1on of the ratfo of [F]’Qo o] ehission
! fntensity in all three gas mixtures. The [0] emission Tevel at
each point is taken with respect to the base 1ine level found in
thé "pure™ gas plasma. A number of points can be made aboutl
E ' the 1nfofmatioﬁ':ohﬁained in Fig.ll First, tha hysieresis
eftect 1in the etch rate is removed by taking both [F] and.[0]
| . '1ntq account. Second, fhe etch rate trends for S1 and W are the
same {inp each gas plasma., Third, the pattern is substantively
different for RIE 1in CF4/0, and SFg/0 from RIE in CHF3/0,.

For the former, the etch rate increacses with [F1/[0] ratic until
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'ifgra&hdiiyfrahcﬁes saturation, In the latter case, the

P ttcrn 1: cloarty non-monotonic with a peak in etch rate

'?;present lt a [FJ/[O] ratio of 1.44 for St and approximately 1
ihfor W ‘The' decroase IS etch rate after the peak takes place in
:»5ntxturos with ‘increasing levels of hydrogen. This clearly points
out the inhibiting role of hydrogen in the W and S10, etch

rate.

V. Summary and Conclusions

In sdmmary. high quality W thin films were
']=supqe§sfully prepahed by sputtering and RTA techniques. The
" ‘reactive fon etching of annealed and as-deposited W films,
Pilong"uith §1 and $102, was inve- 1gated in CF4/05, SFg/0, and
CﬂF3}q2 plasmas. A W:Si etch rate ratio‘greater than wunity
A was for the first time obtained with oxygen-rich CHFg3
mixtures. The édmpeting role of fluorine and oxygen in the
Aefching process was {nvestigated., Hydrogen was found to be
necessary to obtaining a high W:Si selectivity, by depressing

the S1 etch rate.
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Sheet resistance and resistivity of W film versus annealing
time » at 1100C, in Ar ambient by RTA

Conductivity of W fi1m as a functioca of annealing
temperature, in Ar ambient and by RTA at 90 sec,

(a).Ftch rate of W(anneal), W(unanneall, Si and Si0, versus
percentage of 0, in CF, and O, plasmas at
200W,20sccm.20mtorr, RIE mode. (b). -DC self bias and
[F),[{0) Intensity versus percentage of oxygen.

(a).Etch rate of W(anneal), W(unanneal), S1 and S10, versus:
percentage of 0, in SFg and 0, plasma, at 200W, 20sccm,
20mTorr, RIE mode. (b). -DC self bias and [F1.[0] Intensity
versus percentage of oxygen. :

(a).Etch rate of W(anneal), N(unanneal). $i and 5102 versus
ercentage of O, in CHF3 and O, plasma, at 200W, 20sccm,
OmTorr, RIE mode. (b). -DC sa%f bias and [F),[01,[H]

Intensity versus percentage of oxygen.

SEM picture of cdge profile of 0.7um as-deposited W film
which vas etched in CHF3/70%0,, at 200W, 20sccm, 20mTorr. A
Al mask was used and various ?1lms were deposited on Si
substrate as indicated.

SEM cross-sectional view of resist/as-deposited W/Si which
was etched in CHF3/70%0, and same conditions as Fig.6.

SEM cross-sectional view of as-deposited W/Si which was

etched in SFg/5%0,, at 200W, 20sccm, 20mTorr . The Al-mask
has been removed and underretched W film and St was

indicated.

(a).The normalized etch rate for W(anneal) and W(unannea})

and normalized intensity of [F] as a function of percentage
of oxygen in CHF3/05 plasma. (b). in CFy/70, plasma. (c). in
SFg/02 plasma.

Fig.10(a) Etch rate of Si versus [F] intensity in CF,, SFg and

CHF3 with Oy plasma under RIE mode.

Fig.10(b) Etch rate of W,(anneal) film versus [F] intensity in

CF4» SFg and CHF3 with O, plasma under RIE mode.

F1g.10(c) Etch rate of W  .(unanneal) versus [F] intensity in
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CF4. SFQ and CHF3 with O, plasma under RIE mode.

Fig.lO(d) Etch rate of S105 versus [F] iIntensity in CF,, SFg oand
o CHF3 nith Oz plasma under RIE moda.

;'th.ll(a) The nornalizod etch rate of W(anneal) and St versus
'[F)/10]a (which was normalized to buckground value)
ratio in CFe/0p plasma. Il

' F1g.11(b) The normalized etch rate of W(anneal) and Si versus
AR - [F1/00]a ratfo in CHF3/0, plasma.

Fig.11(c) The normalized atch rate of W(anneal) and Si versus
(F1/0{0J)a ratio in SFg/0, plasme.

e

17




fabile' 1. Naxloum Selectivition Obhserved for Wi1Bi and WiSi0,

SnBEERRSGESALRSARARMEBREINBRMERRLIAEERARALESEESGEMELEREERLARAFEESESASARSLRSUBERBR R L

i Gelectivity. 1. CHFg/P0%0@ 1 CHFR 1| HF4/3%0p | BF,/30%0, !

ISRRIRIEIENE RRRER | SERLEVLALEEHIBESIEE | SRAMAESLRLE | T RLUELSRLEARES | sSRasasuaARS LR |

. ' L r t ! {
t'Wa s Bi 1 1.6¢1 ! 1:3.2 t 1311.6 ! 1219 !
: t ! t { t
e -t= - ===l t- I R t
! ! ! ! ! !
t W,  Silpt 1.811 : 1:4.6 t 3:1 { a.9:1 i
! ! -t t ! t
R et e B oo ———— = ———— R bbbt H
! . t ¢ { i i
-t Wana - : 8i 2.4:21 I 1:3.4 { 1:3 ! 1:10 !
k) { ! t ¢ ¢
= t { t - - ————1
: ! ! { t i
{ Wna : 8.i0p! 2.1:1 t 127.6 t 11.621 ! 2.3:1 :
LA ! t t t t

EBREBRANPVVEBBIVEDRWW VB SEEERBENRBSRELES - NMAREREREBERSIRERNENBEE NIRRT IX NI I IR AL IR IR 5 5 R 35 3 I & 5 2

RIE Etching Conditions : 200, 20sccm, 20mTorr
. W, : annaaled W fila

- W, ., ¢ unannealed W Tilm

18

- na——c g
v e T L LA L LS LR LWL S LSED A PR LS LSS SR AL S L S SR S MR St Shut Sl S S L S Stk Sheck SM ) dmd b st v <8 Mo - mrh



e !1\ COI’trtton of Results for Flaorlnoleygou-lat.d Planna-lca!otod
- Ctching of St and ¥

...luiil.lﬂthh.i.lg Io‘.--..-..-.n:-.----.-.-:!"23.--.--.---.1-.?&:2:23-.&
1 | | ! |
’ii-» “1la)s PE 35 H | | |
1  0.16W/¢em I . | { {
!r.t:cro 1 { | |
ltb]: PE 200 Il 1tbl: PE 200-;! i
s : 0.2W/ca* ) : 0.2W/¢cm : :
| l[c]: RIE 20w II ilcl: RIE 20.Iltc]aRlE 20-; }
: : - 0.4¥/¢cm : : 0.4W/cm : 0.40/¢cm
i I | 1{dl: PE 1T !
| [ ! I ~1.8w/cm?} |
: i { I I !
g | ! { 1{e): RIE 10m Il-y“
- { | i i 0.4W/cm®|
i ! i 1 1
| | | ICFI: RIE lOnTI
[ L1 2% 1 1 3 1 2 3 : - 4w W Y D O OR O Ok o 9 9 : L1 1 1 1 1 1 J - . T . . : ......... S G5 T Ve 9 : ............ : ------------
~ [F) peak : 23%[a) : 20%(c) : 308(b) : 30%(c) : 65%(c)
: l 20%0[b]) | ! 308(¢) ! |
5 i | ! | |
| wemmee——— r """""" : """" mmem——— : ----------- : """"""" : -----------
st ELR.M 1 1232 1 20%Cc) | 308[¢] | 10%[c) | so0slc)
z peak | { l | |
: | | | ! 10%[el i
; i | ! ! |
| | ! | | {
{ | | | |
----- e Rttt UL LY EXL DL L LR Ly P R L Ll Bt a et DLl DLl
o ! { | | |
¥ E.R. |} 1080(>] i 20%8(c) | 0%[b) {  08(cl ! 65%(c]
peak |} 1 (50%) ) { (5%) 1 (70%)
{ ! | i |
i l | | !
i |

l.]' "oglb et.al .[11]

~ [b): Tang i Hess(3] {¥ as-deposited at 350 C}

~ [cl: Pan & Steckllthis work]l {W RTannealed at 1100 C, (W as-deposited & 25 C)}
(d): d*Agostino and Flamm [19]

{e): Pinto et.al.l13)

(£f]: Randall & Wolfel?7) (W as-deposited at 25 C}

* E.R. peak : Maximum Etch Rate

19

WA BT P ST TR SR W NG PPN S

R LSRR ME VR MR M URVE LTS CAUSURLe M LEA R R A AR RN ERA A SRAAR R AARASARARAAMAARAANS NLEIE AL S AR



Sheot fesistarce hw/d

N W e o~

210

180
150
1120

A

Tm;‘ 1100°C

ry

(@3-wyon; Kyratysisay

. 130

o (ohm-cm) "}

103

N PO S S S I S D
0 10 20 30 40 S0 60 70 BO 90 1CD

Annecling Time (set)

Fig. 1

]04.

1100°C
8}
¢

O

800°C 500°C

tannea)™ 90 sec

e ca e s s 2 i -

0.6 0.8

1.0 1.2 1. 4
1000 /7 TCK)

Fig. 2

20

SER MR LML \ATR LS AN LoD ARG LEE MR LT AP L LN LM LA R e e 1 e % Pt 1P A 3 M k] B S MMt ARy Myt M) MY By




- 2000
o CF /0, ®: ¥ (onneal)
| ° a: ¥ (unonneal)
~ 1600} ."/ \\ °: Si )
; ' l' \o\ L Siuz i
| = 1200} /! " N H
g 800*, "~ :>\/ \
ﬁ -y A——!’<IQ'_
w a7~ 0——0—%—0 =g
400 N o
NN
\‘

D A — ~ A
0 10 20 30 40 50 60 70 80 90 100
Percentoge of Oxygen (X) |

Fig. 3a

500 _ 25
CF./0; =
o :-
s 450} /\ e 4 5
§ —_——a— - -./ i = -n 113 %
o o
& o =
/ >
= /° : OC Bais \A 5
' a: (F) \A 15 =
2
g

o: (0]

_ — . — N —— " — 0
0 10 20 30 40 50 60 70 80 490 100
Percentage of nygen (X)

Fig. 3b

21

OO0 w0 A OO I 0 T UDUOOUN AU OO0



‘ 70 25000
e 8'h2 a: ¥ (onneol)
el ¢,'\°\ :; :.(unonneal) 120000
%2 spoot )\ ° ¢ 3l
S-Sl ) & N o: Sil,
S S 4000 4 LN 115000
§5 | Y h
o
g oamp O\ “e 10000
. & 2000 N
B et o TR ~ . 15000
1000 R -
—0-0-0=~0——9%——0——0 0030~
| "N N L A . A - —— b D
0 J0 20 30 40 S0 60 70 80 90 100
Percentoge of Oxygen (2)
Fig; 4a
500
A\A
; . ,//, ~ 140
4307 /A'A \
E € | / * " 130
’ g A ] A/
| = 35 e
| = - "N f20
i’ c.n /I/ o 4
g 300 % % = I Bios
\ n - a: [F) Im
250F _o-°° o: (0] a
~©
200 . N A s " " N " ” D
0 10 20 30 4 50 60 70 80 90 100

Percentoge of Dxygen (%)

Fig. 4b

(15)
¥ w13

(utsyy) o230

4

(3tun qay) Ajrsusjup (]

[ ——

A ..



B T A ©
BDD , A 3 ¥ (unanneal) A -
i (R .
P ',E ’600;, -0y Sinz
‘ = 400 —8— 48
: ﬁ /
S o P
S _/ . J
0 S ———
_ -0 10 20 30 40 50 60 70 80 90 100
- Percentage of Oxygen ()
3 Fig. Sa
:
B
500 &
g -
] =]
= 430; °/°\°“°'~o o 2 -
= | N / =
8 P%.d'—-\\,,f-—-!—-“yh—g - {15 3
«  ADOY ®: OC bias :><: §
o s: [F) / \ {10 &
o o: [H] 8 s =
T S o 5
NG -
l_,...,~A-------87..6’-’"‘5'—e A c=
) —o— =4
300L— ey ©

0 10 20 30 40 S0 60 70 80 90 100
Percentoge of Oxygen (%)




e

ol B 30 YT
—

ol

VN g g
fi: 16,02, LIT] 1ty et
R I T TR M RO RTINOANE S LY -

* CHF3/7020, -

¢--~- Resist

- ¥ film

A Si

Il R rr e, e —e————
(SR 7% 1Y AU T T 56 5rs .,
pt(l(::“ B 1L Wigreny Tt 1) $00) Spmsle 10 PR g1 3oge

* SFe/510,

=== ¥ filn

¢--=- §j

@_“M,,...;.-'__' IR '
Nl th iy [E] t e, ra va-
Hidth 835t Kicrens Test 18 300 E Bgara f) G 0f 578 502100

Fi g- 8

2 870 2% § 2 3



,,,,,,

(b)

¥ Etch rote Retio (Arb. Unit)

(c)

(re-}dtiye to maximum value)

=

#O=~0— =0

ot m

/°/ A
n/ ' /

Percentuge of nygen (%)

Fig. 8a,b, c

‘ L
o ®: ¥ (onneal) |
! 7 \\O a: ¥ (unanneal) 1.0
VAN o -IF) log
0.6
10.4
10.2
A oo
0.2f ‘\\ |
0.0b— e —
_ ®: ¥ (anneal) |
O_O//o T~ a : ¥ (unonneal) 1.0
/ NG f0.8
1.0p A o
So el {05
0.8}/ " & "~a— N
\ [ ] l\. .Q\ 10. 4
0.6 A N\, \
0.4t \ \l———u/- \0 18-2
. \ . 10.0
.2} N
Lot 8
0 10 20 30 4 S0 60 70 80 90 100

(un gayr orioy Ajrsuaul [4)

P




26

Si Eﬁ?h Rﬁ?ﬁéi‘:”f!:;

;;-‘ Ui "“f ”gpff“ﬂV”jbiffﬁf‘j35>{ - 203?' 25.

oo} ey

15000,

10000}

g

- 5000

600

.
{

:
¢
3
i
L
P

E

[}

spo}  CHFa/Dp T~—o60
400t
n
300} 0z r
]

200t ' ’///,//////,

100} 90y

. Si Etch Rate (A/min)

b 1 2 3 4 S5 6 7 8 9 10
[F) Intensity (Arb. Unit)

- Fig. 10a

hﬂmammgmmmmumnlunmnmuu PO TR R AN RO R TSR A MR




Bl : | 302
3
S
ﬁ,
= 200} d
902
‘ P .
0 5 10 15 20 25
2000
SFe/0; n\
[1)4 5% 102
E 1500 o n——c’esz 302
& N
e
m /
;a’ 1000¢ /a
5 T T—o—o 1
vy) 602
H° 900} .
90%
U s A A b
0 10 20 30 40
700 -
ool CHFa/0; 5932/
- 407
£ 500} L
= / d
~ 400} 80X
::z 0 T /
300t J
5 202 07807 |
S q00f I |
=
100¢ 0X u/n
D " e N A A . b
0 )| P4 3 4 S 6 7 8
(F] Intensity (Arb. Unit)

Fig. 10b
19.
O S M i AR M B A MR MO AT T T PR Pl Ml X WU WAL W WL o W W WL WU WL WU e L WU WL W




V..o Etch Rote (A/min) Voo Etch:Rate'(Alpin)i -

W,no Etch Rate (A/min)

1200~

900f

600

300

>

. 2

CF./0;

28

6000

5 10 15 20

23

2000}

4000

3000

2000

- 1000}

"r

=Y 4

10%
0x

D

|

602

Y

20%

P

402

1000

800¢

600}

400t

200

30

40

CHF5/0,

s

0oy

. JP— B S

%[

’°anz

] 2 3 4 5] b
(F] Intensity (Arb. Unit)

10c

Fig.




Si0; Etch Rote (h/mimd

Etch Rate ratir (Arb. Un.

70

] Q-CHF3—0: t--"-CF‘----o: o----.SFB ______ - n
.- 600} ' a
500} s an 2 c Db ®
. o o A b o (=) o
o
00t > ©
| %
300} QM a o
. 200- a: CF‘
©: CHF
100} : 3
0 — e b &
0 10 20 30 0
(F] Intensity (Arb. Unit)
Fig. 10d
1.0} s 10
401/ \
0.8}
Lol /
. A/ =] SI
0.47 / s : W (anneal)
o
0. 2 + a f CF4/02
oo
0.0 - - )
0 1 ? 3 4

iF1/{0)a Rotio (Arb. Unit)

Fig. lla




.....

EtcﬁiRote ratio (Qﬁﬁf Uhif)

- 0.8

Etch Rote rotio (Arb. Unit)

.0

0.6

\ ©0: 5i
i a: ¥ (onneal)
: K1)

S0 CHF /0,

0. 4} f A\
02y -
0. ' . . . .
Du 12 3 4 5 3
- “ [F1/10)s Ratio (Arb. Unit)
Fig. 11b
1.2
' 102 52
1.0} 202 ,A7 "
40X /
D.BB
0 oz sl
-8 AAA : ¥ (anneal)
i
s SFg/02
0.2} )’f
0.0%5 . : :
0 5 10 15 20

(F1/10)s Ratio (Arb. Unit)

Fig. llc




